In contaminated subsurface sediments, U(VI) resides m both int

bioavailable if it dissolves and diffuses to the intergrain domam, or if
soluble reductants that can diffuse to, and react with intraparticle U(VI)

Microscopic and spectroscopic analyses of uranium-contaminated s
Hanford have revealed that U(VI) often exists as a precipitate within intrag
of sediment clasts. Intragrain U(VI) dissolves slowly into undersaturated pore wate
kinetics limited by the mass transfer from intragrain domains to bulk solution.

This research investigated the microscopic mass transfer process and its effects on the
microbial reduction of intragrain U(VI). The research has used Hanford sediments, but
the resulting understanding and models are relevant to the Oak Ridge FRC, where a
critical issue is the long term diffusion of U(VI) from a fine-grained saprolite matrix that
is physically inaccessible to DMRB.

SEM images of U(VI)-contaminated grains Dissolution Kkinetics of intragrain
from Hanford 200 area U(VI) precipitates
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Characterization of Mass

An NMR-PGSE approach was developed to characte
transfer process at the grain scale and measure appz
diffusivity. The 'H,O diffusivity was then used to calculate

NMR images of water molecules on
grain surfaces and intragrain regions

I ms

» Dissolution rates of intraparticle

9.2 and total CO, =20 mM).

° o
Objectives
» Characterize and develop numerical models to describe the microscopic mass |

process in intragrain domains of Hanford sediment.

# Identify and characterize biogeochemical strategies used by DMRB to access
intragrain U(VI) by representative dissimilatory reducing bacteria.

-------

Intragrain mass transfer phenomena and values of tortuosity within
fragments, which are primary hosts of U(VI) precipitates in contan

porosity characterized from SEM, and macroscopic results of U(VI) prec : .
dissolution were collectively used to develop a microscopic diffusive mass transfer
model to describe coupled intraparticle U(VI) dissolution/precipitation and mass
transfer.

The influence of mass transfer on microbial reduction was evaluated using both
contaminated Hanford sediments and synthetic beads containing a synthetic uranyl-
sxh te (Na-boltwoodlte) that was observed in the contaminated sedlmcnts S.

Summary

» An NMR-PGSE technique indicated that a dual region diffusion model
to simulate ion diffusion in the intragrain fractures of granitic lithic f
Hanford sediment.

» A new coupled model of electrodynamics and nonequilibrium thermodynami
(EDNT) was developed to incorporate the effects of microscopic properties of
complex ionic charge coupling, mineral surface charges, ion exchanges, and
electrostatic double layers on ion diffusion.

» The rate of microbial reduction of intragrain U(VI) was determined by the sequential
eouplmg of U(VI) dlssolutlon dlffusmn and mlcroblal actlwty For MR-I our

 tran fer limitation in poorly connected intragrain pores.
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U(VI) precipitates were slow (pH
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to NMR. The measured app
diffusivity (plots below) v
determined by water movement
on the surface of and within the
particle grains. (top: projection
image; bottom: slice image).

Measurements of intraparticle 'H,O diffusion
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'H,0 diffused at two rates.
-were calculated from the echo intensity curves

Schematic diagram of ion diffusion
regions
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> Apparent KCI and NaCl diffusivities

in clay materials decreased with
decreasing ionic strength;

» Our model (EDNT) was able to
calculate the effects of ionic strength,
while the empirical diffusion model
cannot.

diffusive mass transfer phenomena.

U(VI) Reactive Diff

A microscopic dual domain reactive diffusion model was deve
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“Na-boltwoodite saturation index (log IAP/Ksp) in a single
oy a fracture and matrix system during U(VI) reactive

Coupling of U(VI) Dissolution, Diffusior

The microbial reduction of synthetic Na-boltwoodite embedded in alginate beads was studied to
diffusion, and microbial reduction of intragrain U(VI). LIFS imaging and spectroscopy, an and
reduction reaction. The results indicated that U(VI) had to dissolve and diffuse out of intragrain reglo S

Dissolution and microbial reduction of synthetic Na-boltwoodite
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Microbial Reduction of U(VI) inH

The accessibility of intragrain uranyl silicate precipitates in granitic lithic fragments was
coupled model to contaminated sediment with more complex mineralogy.

Effect of U(VI) aqueous speclanon on microbial reductlon rates
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» C: XANES analysis indicated a
mixed valence distribution of
U(VD) and U(IV) inside the
particle.

» D:SEM image  showed the
residual uranium in the pores that
are enclosed or poorly connected
to extragrain regions. Some U
existed within the structure of
zircon that was enclosed within
the granitic lithic fragments.
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